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WHAT IS CLAIMED IS: 
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1. A transgene for producing a recombinant polypeptide 
in transgenic bovine speoaes comprising at least one 
expression regulation DtfA sequence functional in at 
least one cell-type of /said bovine species operably 
linked to a recombinant DNA encoding a recombinant 
polypeptide, wherein /said transgene is capable of 
directing the expression of said recombinant DNA 
sequence in at leasy said one cell-type of a bovine 
species containing / said transgene to produce said 
recombinant polypeptide « 



15 



2 . The transgene of Claim 1 wherein said expression 
regulation sequences comprise 5 1 and 3 1 expression 
regulation sequences from a serum albumin, said cell- 
type is liver aell, said recombinant polypeptide is 
human serum albumin and said transgene further comprises 
a secretory DNA7 sequence functional in said liver cells 
and operably lirnkjad to the recombinant DNA encoding said 
human serum ^Jbigonin . 



20 



25 
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3 . A transgene for producing a recombinant polypeptide 
in the miAk #r transgenic bovine species comprising at 
least on£ egression regulation DNA sequence functional 
in the i^aijdiiib^^s^cretory cells of said bovine species, 
a secr#t<5r# DNA /sequence encoding a secretory signal 
sequencle also functional in the mammary secretory cells 
of said bovine/species and a recombinant DNA sequence 
encoding / a /recombinant polypeptide, wherein said 
secretory ttfTA sequence is operably linked to said 
recombinant DNA sequence and to form a secretory- 
recombii$m\ DNA sequence said at least one expression 
regulation sequence operably linked to said secretory- 
recojfrbinant DNA sequence, such that said transgene is 
capable/ of directing the expression of said secretory- 
recombiinant DNA sequence in mammary secretory cells of 




bovine specie^ 
form of recombi 
said mammary 
polypeptide 




(7* 

ning said transgene to produce a 
olypeptide which when secreted from 
ory cells produces recombinant 
milk of said bovine species. 



4. The transgdMe of Claim 1 or 3 further comprising 
a recombinant ilojcWvening sequence. 
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5. The transgene of Claim 4 /wherein said recombinant 
intervening sequence is a hybrid intervening sequence. 

6. The transgene of Claim 5 wherein said hybrid 
intervening sequence contains a permissive RNA splice 
signal . 



7 . The transgene of Claim 3 wherein said recombinant 
polypeptide is a homologous polypeptide from bovine 
species. 
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8 . The transger*§ dfl Claim 7 wherein said homologous 
polypeptide is/seldbtted from the group consisting of 
caseins, lactcDf errq/n/ lysozyme, cholesterol hydrolase 
and serum alfiumin< 



9 . The 
polypeptide 



tr^nsgend" of Claim 3 wherein said recombinant 
l^fe^roVogous polypeptide . 



is a, 



10. The transgens 
polypeptide is S3 
human milk ptoc 
industrial enzymo 



of Claim 9 wherein said heterologous 
lected from the group consisting of 
in£, human serum proteins, and 

is. 



11. The transgene of\Claim io wherein said heterologous 
polypeptide is a IhumanNnilk protein. 



V 
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12 . The transgene of Claim 11 wherein said human milk 
protein is selected from the tfroup consisting of 
secretory immunoglobulins, lysozyme, lactoferrin, 
lactoglobulin, a-lactalbumin ani bile salt-stimulated 
lipase. 

13. The transgene of Claim 12/wherein said milk protein 
is lactoferrin or lysozyme« 

14. The transgene of Claim/lO wherein said heterologous 
polypeptide is a. human serum protein. 

15. The transgene of Claim 14 wherein said human serum 
protein is selected ftom the group consisting of 
albumin, immunoglobuli/i, Factor VIII, Factor IX and 
Protein C. 



16 . The transge 
protein is albu 



f Claim 15 wherein said serum 



17 . The tra 
polypeptid 
group con 
ligninas 

18 • The 
sequence 
sequence; 
lactof en 
secretory 1 
casein, 
lactoglobul^ 




Claim 10 wherein said heterologous 
industrial enzyme selected from the 
proteases, lipases, chitinases and 



Claim 3 wherein said secretory DNA 
from the group consisting of DNA 
secretory signal sequences from human 
serum albumin, human lysozyme and 
/sequences from bovine oeSl-casein, aS2- 
iin, jc-casein, ce-lactalbumin, 0- 
serum albumin. 



19. The transaene of Claim 18 wherein said secretory 
DNA sequence lis the DNA sequence encoding the signal 
secretion sequence of bovine aSl casein. 




r 

20. The transgene of Claimp 
expression regulation sequerjx^ 
regulation DNA sequences opl^rab 
of said secretory-recom^najvt: DNA sequence 



ein said at least one 
prises 5 1 expression 
linked to the 5 1 end 



21. The transgene of Claim 2 0 wherein said 5' 
expression regulation DNA sequence is selected from the 
group consisting of 5' expression regulation sequence 
from bovine genes encoding aSl-casein, ctS2-casein, 
0-casein, /c-caseiVi, cr-lactalbumin, and /S-lactoglobulin. 
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22. The transgerie of Claim 21 wherein said 5 % 
expression regulation DNA sequence is a proximal 5' 
expression regulation sequence comprising the promoter 
of bovine orSl-casein\, 



15 
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23. The transgene V>f Claim 22 wherein said 5 1 
expression regulation DNA sequence further comprises a 
distal 5' expression regulation sequence comprising 
5'-flanking DNA sequent from bovine aSl-casein. 



24 . 



The transgene of Claim 20 further comprising 3' 

fees ^b^er ably linked to the 
>inant DNA sequence. 



expression regulation se 
3 * end of said s 



ecretory-recoi 
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25. The transgene /of clla^m\ 24 /Wherein said 3' 
expression regulation sequence Neo^prise 3' expression 
regulation sequence ^from bpvine genes encoding aSl- 
casein, aS2-casein, 0-casein\ k-casein, a-lactalbumin, 
and /3-lactoglobulin. 



26. The transgene of Clai\n 25 wherein said 3 1 
expression regulation DNA sequence comprises a 3 1 
proximal expression regulatiojp sequence from bovine 
otSl-casein. 



-yA- 

27. The traAsgene of Claim 26 wherein said 3 1 
expression regulation DNA sequence further comprises a 
3 ■ distal expression regulation sequence from bovine 
aSl-casein. 

28. The transgente of Claim 27 wherein said distal 5' 
expression regulation DNA sequence comprises about a 
30 kb 5' -flanking Region of bovine aSl-casein and said 
distal 3' expressioA regulation DNA sequence comprises 
about a 15 kb 3 • -f larijcing region of bovine aSl-casein. 
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29. A transgenic bovine species capable of producing 
a recombinant polypeptide in at least one cell type of 
said animal. 
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30. A transgenic bovine^ species capable of producing 
recombinant polypeptide vp> the milk of said transgenic 
species . 



31. The transgenic bovine tepecies of Claim 3 0 wherein 
said recombinant polypeptide\is a homologous polypeptide 
from bovine species.. 
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32. The transgenic bovine specie^] of 
said recombinant polypeptide / i* 
polypeptide . 



/aim 3 0 wherein 
heterologous 
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33. The transgenic bovine species of Claim 3 2 wherein 
said heterologous polypeptide is selected from the group 
consisting of human milk proteins\ human serum proteins J 
and industrial enzymes. 



34. The transgenic bovine species of Claim 33 wherein 
said heterologous polypeptide is human milk protein. 



35. The transgenic bovine species of Claim 3 4 wherein 
said human ntilk protein is selected from the group 
consisting of secretory immunoglobulins, lysozyme, 
lactoferrin, lActoglobulin, a-lactalbumin and bile salt- 
stimulated lipase . 

36. The transgenic bovine species of Claim 35 wherein 
said milk protei\i is lactoferrin or lysozyme, 

37. The transgenic bovine species of Claim 33 wherein 
said heterologous polypeptide is a human serum protein. 
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38. The transgenic\ bovine species of Claim 37 wherein 
said human serum pnotein is selected from the group 
consisting of albumin, immunoglobulin, Factor VIII, 
Factor IX and Protein C. 
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39. The transgenic bovine species of Claim 38 wherein 
said serum protein is albumin. 
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40. The transgenic boy 
said heterologous pol 
selected from the /groi 
lipases , chitinases 



'and IV 



ie specaes of Claim 3 3 wherein 
>ti<#e ife an industrial enzyme 
consisting of proteases, 
inases. 




41. Milk from tran 
recombinant polypeptide. 



enic \bovine species containing a 



42. The milk of Claim 4l\ wherein said recombinant 
polypeptide is a homologou^ polypeptide from bovine 
species . 
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43. The milk of Claim 41 ^herein said recombinant 
polypeptide is a heterologous ^polypeptide , 



in, 

44. The milk bf Claim 43 wherein said heterologous 
polypeptide is ^selected from the group consisting of 
human milk proteins, human serum proteins, and 
industrial enzyme 

45. The milk of V:laim 44 wherein said heterologous 
polypeptide is a hupian milk protein. 

46. The milk of Cl>aim 45 wherein said human milk 
protein is selected \ from the group consisting of 
secretory immunoglobulins, lysozyme, lactoferrin, 
lactoglobulin, a-lactaj\bumin and bile salt-stimulated 
lipase. 

47. The milk of Claim 4^ wherein said milk protein is 
lactoferrin or lysozyme. 

48. The milk of Claim 43\ wherein said heterologous 
polypeptide is a human serupi protein, 



49. The milk of Claim 48 Wherein said human serum 
protein is selected from uhe group consisting of 
albumin, immunoglobulin, FacWf VlSJ , Factor IX and 
Protein C. 



50. The milk of Claim 49 whepej 
albumin. 



!^i£/s 



serum protein is 



51. A food formulation comprising transgenic milk 
containing a recombinant polypeptide. 



52. The food formulation of Clfeim 51 wherein said 
recombinant polypeptide is at leas\t partially purified 
from said transgenic milk. 



53. The food formulation of Claim\51 formulated with 
nutrients appropriate for infant formula. 
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54. A method for producing a transgenic bovine species 
capable of producing a recombinant polypeptide in the 
milk of said bovine species, said method comprising: 

introducing the transgene of Claim 1 into an 
embryonal target cell of a bovine species; 

transplanting the transgenic embryonal target 
cell formed therteby or the embryo obtained herefrom into 
a recipient femavLe bovine parent; and 

identifying at least one female offspring 
which is capably of producing said recombinant 
polypeptide in they milk of said offspring, 
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55, A method for Vproducing a transgenic non-human 
mammal having a desirable phenotype comprising: 

(a) methylatinto a transgene capable of conferring 
said phenotype when incorporated into the cells of said 
transgenic non-human animal; 

(b) introducing \said methylated transgene into 
fertilized oocytes of said non-human mammal to permit 
integration of said transgene into the genomic DNA of 
said fertilized oocytes A 

(c) culturing the individual oocytes formed hereby 
to pre-implantation emJa%osi thereby replicating the 
genome of each of said fertilized oocytes; 

(d) removing at/ leasrt/jone i^ll from each of said 
pre-implantation embryos yan<* lysing said at least one 
cell to release the DNAr^coAtained therein; 

(e) contacting said\ released DNA with a 
restriction endonuclease Qapable of cleaving said 
methylated transgene but ifacapable of cleaving the 
unmethylated form of said \ transgene formed after 
integration into and replication of said genomic DNA; 
and 

(f) detecting which of s&id cells from said pre- 
implantation embryos contain \a transgene which is 
resistant to cleavage by said restriction endonuclease 



7< 
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as an indication of which pre-implantation embryos have 
integrated saia transgene. 

56. The method tof Claim 55 wherein said removal of at 
least one cell fobms a first and second hemi-embryo for 
each of said pre-implementation embryos and each of said 
first hemi-embryos is lysed and analyzed according to 
steps (d) through \f ) , said method further comprising; 

(g) clon\ng at least one of said second hemi- 
embryos ; and 

(h) to f<\rm a multiplicity of transgenic 

embryos . 



15 



57, The method of \ Claim 56 further comprising 
transplanting more tham one of said transgenic embryos 
into recipient female parents to produce a population 
containing at least two transgenic non-human animals 
having the same genotype 



20 



58. The method of Clkim 55 further comprising 
transplanting the remainder of said pre- implantation 



embryo containing a genoj 
into a recipient female /part 
one offspring having ^aid 



und 




ntegrated transgene 
dentifying at least 
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59. The method of ClVim^S^ wherein said restriction 
endonuclease is DPNI and saiM transgene is methylated 
at N6 of the adenine of the\ sequence GATC contained 
within said transgene. 



60. The method of Claim 59 \wherein said detection 
utilizes a polymerase chain reaction using extension 
primers complementary to sequences upstream and 
downstream to said GATC sequenc 
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61. The method of Claim 59 wherein said non-human 
transgenic mammal is bovine species, said transgene 
encodes a recombinant polypeptide and said desired 
phenotype is the\ ability to produce said recombinant 
polypeptide in the milk of said bovine species. 

62. The method of\ Claim 61 wherein said transgene is 
the transgene of Claim 3 . 
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63 . A transgene for ^producing a recombinant polypeptide 
in the milk of transgenic bovine species comprising: 

(i) a bo\/ine 5 1 expression regulation 

sequence; 

(ii) a secretory DNA sequence encoding a 
secretory signal sequence functional in the mammary 
secretory cells of the\ bovine species; 

(iii) a recombinant DNA sequence encoding a 
recombinant polypeptide^ said secretory DNA sequence 
being operably linked tolsaid recombinant DNA sequence, 
wherein a secretory-recombinant DNA sequence is formed, 
said secretory-recombinant ^NZfsecJu^nce being operably 



express u 



untrahslat 



rec 



:iitg sc 



ilation sequence; 
td seqiience; n 

of a bovine gene; 



linked to said bovine 

(iv) a 3« 

(v) a 3 • f la 

and 

wherein saidxtraragene is capable of directing 
the expression of said \secretory-recombinant DNA 
sequence in mammary secretory cells of bovine species 
containing said transgene 
to produce a form of recombin 
secreted from said mammary 
recombinant polypeptide in 
species . 



int 



polypeptide which when 
ecretory cells produces 
e milk of said bovine 



64. The transgene of claim 63V further comprising a 
recombinant intervening sequence 




65. The traAsgene of claim 64 wherein the recombinant 
intervening sequence is a hybrid intervening sequence, 

66. The transtoene of claim 65 wherein the hybrid 
intervening sequence comprises a 5 1 portion of an 
intervening sequence from bovine a-S^L-casein and a 3 1 
sequence portion\ of an IgG heavy chain intervening 
sequence . 
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67. The transgene tof claim 66 wherein the 3 1 sequence 
portion is a 3 • splAce signal sequence associated with 
the J-C segment rearrangement of an IgG heavy chain. 



68. The transgene of claim 63, wherein the bovine 
expression regulation! sequence and the 3 ■ flanking 
sequence are derived from the same bovine gene. 
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69. The transgene of \claim 63, wherein the bovine 
expression regulation sequence, the 3 1 untranslated 
sequence, and the 3 1 flai\king sequence are derived from 
the same bovine gene. 
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70. The transgene of cla: 
bovine gene is a-S 1 -cased 



or claim 69 wherein the 



71. The transgene of 



expression regulation s*qu 



Claim 1 




erein the bovine 
comprises about a 3 0kb 



5' -flanking region of &Qvifie aSl-casein and the 3 1 - 
flanking sequence comprises! about a 15kb 3 '-flanking 
region of bovine aSl-casein.\ 
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72. The transgene of claim 3\ or claim 63 wherein the 
milk comprises greater thanl 50 micrograms of the 
recombinant polypeptide per milliliter. 

73. A transgenic bovine species capable of producing 
a recombinant polypeptide in saliva. 



74. The semen of a transgenic bovine, 
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75 . A transgene for producing a recombinant polypeptide 
in the milk of\ transgenic bovine species comprising: 

(i) a\ 5' expression regulation sequence; 

(ii) a secretory DNA sequence encoding a 
secretory signal\ sequence functional in the mammary 
secretory cells qf the bovine species; 

(iii) a\recombinant DNA sequence encoding a 
recombinant polypeptide, said secretory DNA sequence 
being operably linked to said recombinant DNA sequence, 
wherein a secretory-Vecombinant DNA sequence is formed, 
said secretory-recombinant DNA sequence being operably 
linked to the 5 1 expression regulation sequence; 

(iv) a 3' untranslated sequence; and, 

(v) a 3 1 flanking sequence from a human gene; 
wherein the Aransgene is capable of directing 

the expression of the se&retory-recombinant DNA sequence 
in mammary secretory ceJ\ls of bovine species containing 
the transgene 

to produce a form of recombinant polypeptide which when 
secreted from the mammary secretory cells produces 
recombinant polypeptide \ in^fefre — opilk of the bovine 
species* 
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76. The transgene 0f qla 
expression regulatory! sequt 



wherein the 5 1 
:e is a bovine sequence. 



77. The transgene of cl<slm\75 or claim 76, wherein the 
3 1 flanking sequence is from p he human lactoferrin (hLF) 
gene. 
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78. The transgene of claim 77, wherein the 3' flanking 
sequence is 9 kilobase pairs \in length. 



79. The transgene of claim 77 1 wherein the recombinant 
polypeptide is human lactof errVn. 




80. The tra^nsgene of claim 75, wherein the . 5' 
expression regulation sequence, the secretory DNA 
sequence, the \ recombinant DNA sequence encoding a 
recombinant polypeptide, the 3 1 untranslated sequence; 
and the 3' flanking sequence are from a human gene. 



81. The transgeiie of claim 80, wherein the human gene 
is the lactoferriifc gene, 
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82. A method for ekpressing a human polypeptide in the 
milk of a bovine comprising: 

introducing a human genomic fragment encoding 
the human polypeptide into an embryonal target cell of 
a bovine species; 

transplanting the transgenic embryonal target 
cell formed thereby ot the embryo obtained therefrom 
into a recipient female bovine parent; and 

identifying kt least one female offspring 
which is capable of\ producing the recombinant 
polypeptide in the milk \of the offspring. 



20 



83. The method 
polypeptide is 



of claim 81 



lactof errii 



wherein the human 
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-ecombinant polypeptide 
>ecies, said transgene 



pn regulation sequence from 



84 . A transgene for producj 
in the milk of transgenic bo> 
comprising: 

(i) a 5' e3 
a first milk protein gene; 

(ii) a recombinant toNA sequence from a second 
milk protein gene encoding a 1 recombinant polypeptide; 

(iii) a secretory DNA sequence from said first 
or second milk protein gene, said secretory DNA sequence 
encoding a secretory signal sequence functional in the 
mammary secretory cells of thelbovine species, and said 
secretory operably linked td said recombinant DNA 
sequence and to said 5' expression sequence; 
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(iv) i 3 1 untranslated sequence from said 
first or second Viilk protein gene; and 

(v) a \ 31 flanking sequence from said first 
or second milk prptein gene; 

wherein Ythe transgene is capable of directing 
the expression of tme secretory-recombinant DNA sequence 
in mammary secretory cells of bovine species containing 
the transgene 

to produce a form of Vrecombinant polypeptide which when 
secreted from the mammary secretory cells produces 
recombinant polypeptide in the milk of the bovine 
species . 
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85. The transgene of fclaim 34, further comprising: a 
5» untranslated sequencfe from said first or second milk 
protein gene. 



86. The transgene of claim 85, wherein said recombinant 
DNA sequence is a genomiq sequence comprising at least 
one intronic sequence. 
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87. The transgene of claiA 86, wherein said first gene 
is a bovine aSl-casein gen* 



88. The transgene of 
is a bovine jS-lactoglc 



:laim" 




said first gene 



89. The transgene of claim 8y, wherein said second gene 
is a human lactoferrin gene, 
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90. The transgene of claim 88], wherein said second gene 
is a human lactoferrin gene. 



91. The transgene of claim 8*4, wherein the second gene 
is a human lysozyme gene. 



92. The trfensgene of claim 89, wherein said 3' 
untranslated teequence and said 3 1 flanking sequence are 
from said second gene. 

93. The tranigene of claim 89, wherein said 3 1 
untranslated sequence and said 3' flanking sequence are 
from said first \gene. 

94. The transgeVie of claim 90, wherein said 3' 
untranslated sequence and said 3* flanking sequence are 
from said second qtene. 
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95. The transgenic of claim 91, wherein said 3' 
untranslated sequence and said 3 ■ flanking sequence are 
from said first gene, 
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96. A method of producing a transgenic bovine species 
of claim 29, said method comprising: 

obtaining a \plurality of ova from bovine 

ovaries ; 

fertilizing sa^d ova in vitro to form zygotes; 
itransgene 



icej 



fee 



capable of being 
ype of said transgenic 
e\sombinant polypeptide, 



introducing a 
expressed in at least 
bovine species to prodi 
into said zygotes; 

propagating Isa: 
transplanting said 
bovine parent; 

identifying at leas^t one offspring containing 
said transgene; and 

breeding said offspring t\o produce said transgenic 
bovine species. 



embi 



zygotes to form embryos; 
'os into a recipient female 
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97. The method of claim 96, wheteein in said introducing 
step, said zygotes are substantially synchronous. 





